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Background of the Invention 

This invention relates to biologically active vitamin D compounds. More specifically, the invention relates 
to 24-cyclopropane vitamin D compounds, to a general process for their preparation, and to their use in treating 
5 osteoporosis. 

With the discovery of 1a,25-dihydroxyvitamin D 3 as the active form of the vitamin has come an intense 
investigation of analogs of this hormonal form of vitamin D with the intent of finding analogs that have selective 
activity. By now, several compounds have been discovered which carry out the drfferentiative role of 1,25-di- 
hydroxyvitamin D 3 while having little or no calcium activity. Additionally, other compounds have been found 

10 that have minimal activities in the mobilization of calcium from bone while having significant activities in stim- 
ulating intestinal calcium transport. Modification of the vitamin D side chain by lengthening it at the 24-carbon 
has resulted in loss of calcium activity and either an enhancement or undisturbed differentiative activity. Placing 
the 24-methyl of 1a,25-dihydroxyvitamin D 2 in the epi-configuration appears to diminish activity in the mobil- 
ization of calcium from bone. On the other hand, increased hydrophobicity on the 26- and 27-carbons seems 

15 to increase the total activity of the vitamin D compounds provided the 25-hydroxyl is present. 

Several of these known compounds exhibit highly potent activity in vivo or in vitro , and possess advanta- 
geous activity profiles and thus are in use, or have been proposed for use, in the treatment of a variety of dis- 
eases such as renal osteodystrophy, vitamin D-resistant rickets, osteoporosis, psoriasis, and certain malig- 
nancies. 

20 It is well known that females at the time of menopause suffer a marked loss of bone mass giving rise ul- 

timately to osteopenia, which in turn gives rise to spontaneous crush fractures of the vertebrae and fractures 
of the long bones. This disease is generally known as postmenopausal osteoporosis and presents a major med- 
ical problem, both in the United States and most other countries where the life-span of females reaches ages 
of at least 60 and 70 years. Generally, the disease which is often accompanied by bone pain and decreased 

25 physical activity, is diagnosed by one or two vertebral crush fractures with evidence of diminished bone mass. 
It is known that this disease is accompanied by diminished ability to absorb calcium, decreased levels of sex 
hormones, especially estrogen and androgen, and a negative calcium balance. 

Similar symptoms of bone loss characterize senile osteoporosis and steroid-induced osteoporosis, the lat- 
ter being a recognized result of long term glucocorticoid (cortico-steroid) therapy for certain disease states. 

30 Methods for treating the disease have varied considerably but to date no totally satisfactory treatment is 

yet known. A conventional treatment is to administer a calcium supplement to the patient However, calcium 
supplementation by itself has not been successful in preventing or curing the disease. Another conventional 
treatment is the injection of sex hormones, especially estrogen, which has been reported to be effective in pre- 
venting the rapid loss of bone mass experienced in postmenopausal women. This technique, however, has 

35 been complicated by the fear of its possible carcinogenicity. Other treatments for which variable results have 
been reported, have included a combination of vitamin D in large doses, calcium and fluoride. The primary 
problem with this approach is that fluoride induces structurally unsound bone, called woven bone, and in ad- 
dition, produces a number of side effects such as increased incidence of fractures and gastrointestinal reaction 
to the large amounts of fluoride administered. Another suggested method is to block bone resorption by in- 

40 jecting calcitonin or providing phosphonates. 

U. S. Patent No. 4,255,596 suggests the use of various metabolites of vitamin D 3 for increasing calcium 
absorption and retention within the body of mammals displaying evidence of or having a physiological tendency 
toward loss of bone mass. The metabolites specifically named in that patent, i.e., 1a-hydroxyvitamin D 3 , 1a- 
hydroxyvitamin D 2 , 1 a,25-dihydroxyvitamin D 3 , 1a,25-dihydroxyvitamin D 2 and 1,24,25-trihydroxyvitamin D 3 , 

45 although capable of the activity described and claimed in that patent, are also characterized by the disadvan- 
tage of causing hypercalcemia, especially if used with the conventional calcium supplement treatment. There- 
fore, use of these compounds to treat osteoporosis has not been widely accepted. U. S. Patent Nos. 3,833,622 
and 3,901,928 respectively suggest using the hydrate of 25-hydroxyvitamin D 3 and 1a-hydroxyvitamin D 3 for 
treatment of osteoporosis in a general expression of utility for those compounds. It is well known that both of 

so those compounds express traditional vitamin D-like activity, including the danger of hypercalcemia. 

U. S. Patent No. 4,588,716 also suggests the use of 1a,25-dihydroxy-24-epi-vitamin D 2 to treat bone dis- 
orders characterized by the loss of bone mass, such as osteoporosis. Although this compound expresses some 
of the vitamin D-like characteristics affecting calcium metabolism such as increasing intestinal calcium trans- 
port and stimulating the mineralization of new bone, it has the advantage of minimal effectiveness in mobilizing 

55 calcium from bone. The 24-epi compound may be administered alone or in combination with a bone mobiliza- 
tion-inducing compound such as a hormone or vitamin D compound such as 1a-hydroxyvitamin D 3 or -D 2 , or 
1a,25-dihydroxyvitamin D 3 or -D 2 . 



2 



EP 0 578 494 A1 



Summary of the Invention 



The present invention provides novel compounds exhibiting a desired, and highly advantageous, pattern 
of biological activity. These compounds are characterized by a marked intestinal calcium transport activity, as 
5 compared to that of 1a, 25-dihydroxyvitamin D 3 , while exhibiting much lower activity than 1a,25-dihydroxyvi- 
tamin D 3 in their ability to mobilize calcium from bone. Hence, these compounds are highly specific in their 
calcemic activity. Their preferential activity on intestinal calcium transport and reduced calcium mobilizing ac- 
tivity in bone allows the in vivo administration of these compounds for the treatment of metabolic bone diseases 
r where bone loss is a major concern. Because of their preferential calcemic activity, these compounds would 

w be preferred therapeutic agents for the treatment of diseases where bone formation is desired, such as os- 
teoporosis, osteomalacia and renal osteodystrophy. 

Structurally, the key feature of the compounds having these desirable biological attributes is that they are 
analogs of 1 a-hydroxyvitamin D 2 and 1 ,25-dihydroxyvitamin D 2 in which a cyclopropane ring is introduced onto 
the 24 carbon of the side chain. Thus, the compounds of this type are characterized by the following general 
15 structure: 



20 



25 



30 




where R 1 is hydrogen or hydroxy and R 5 is hydrogen or a hydroxy protecting group. The present invention, 
therefore, provides novel compounds showing preferential activity on intestinal calcium transport and reduced 
35 calcium mobilizing activity in bone, and are useful for the treatment of metabolic bone disease, such as osteo- 
porosis, where bone loss is a major concern. More specifically, the compounds are 24,28-methylene-1a,25- 
dihydroxyvitamin D 2 and 24,28-methy!ene-1 a-hydroxyvitamin D 2 . 

This invention also provides novel intermediate compounds formed during the synthesis of the end prod- 
ucts. Structurally, the intermediate compounds are characterized by the following general structure: 

40 



45 




50 

where R 2 may be hydrogen, hydroxy or protected hydroxy, R 3 may be a hydroxy protecting group, and R 4 may 
be hydrogen or a hydroxy-protecting group. 

In another aspect of the invention, it has now been found that the loss of bone mass, which is characteristic 
of osteoporosis may be effectively treated by the administration of a 24~cydopropane vitamin D 2 compound 
55 in sufficient amounts to increase bone mass. More specifically, a method of treating osteoporosis comprises 
the administration of an effective amount of either 24,28-methyiene-1a,25-dihydroxyvitamin D 2 or 24,28-me- 
thylene-1 a-hydroxyvitamin D 2 . The above compounds may be administered alone or in combination with other 
pharmaceutical^ acceptable agents. Dosages of from not less than about 0.5 (ig/day to not more than about 
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50 ng/day of the mdiv.dual compound per se, or in combinations, are generally effective. This method has the 

Tnf^TT T * Wi " reSt ° re b ° ne maSS dUS t0 the ™W>*"* ^ne mobilization activity om* com 
pound and further th.s compound advantageously will not cause hypercalcemia even if the compound is ad 
ministered continuously on a daily basis, as long as the appropriate compound dosages are use7it beino £" 
derstood hat the dosage levels will be adjusted dependent on the response of ^subject a mor^y" 
methods known to those skilled in the art. <"un.iorea Dy 

The above method, involving the administration of the indicated dosages of 24 28-methvlene-1a 25 dih« 
droxyv,tamin D 2 or 24,28-methy.ene-1«-hydroxyvitamin D 2 is effective in Ltonng or man ning o" e m s" 

Tot^LiT ! " OVel meth ° d f0f tre3tment ° f Pr6Venti0n ° f various forms ^ osteoporosis suTh as 
EST! r h ° S ^ 0POr0 l SIS - Seni,e ^porosis and steroid-induced osteoporosis. It will be evident that the 

ESSSl ^n?^ ^ PreVenti ° n ° r tr6atment ° f diSease states otner than ««. named 

in which the loss of bone, mass is an indication. 

Detailed Description of the Invention 

mQ ^u^fZ\T f SCripti ° n a " d in the daims - the term hydroxy-protecting group signifies any group com- 
mon y used for the temporary protection of hydroxy functions, such as for example, alkoxycarbonyl acvl al- 

S orol Air ,kyl l ro T and a protec,ed hydroxy 9roup is a h ' dra *y function i-tvS^S^iS. 

tect.ng group Alkoxycarbonyl protecting groups are groupings such as methoxycarbonyl, ethoxycarbonyf S t 
poxycarbonyl. isopropoxycarbonyl. butoxycarbonyl, isobutoxycarbonyl, tert-butoxycaroonyl bl%7oxycarbt 
ny. or alkoxycarbonyl. The term 'acyT signifies an alkanoyl group of 1 to 6 carbons in all of ta^teSST 
ora carboxya.kanoyl group of 1 to 6 carbons, such as an oxalyl, ma.onyl, succinyl, giutary, group oTa aromatJ 
acyi group such as benzoyl, or a halo, nitro or alkyl substituted benzoyl group. The word 'alkyl' a^us^n the 
° f ^ ? den ° teS 3 Strai 9 ht - Chain or bra "<*ed a'kyl »dU on to 1 0 calnsjn an tstsomenc 

^ r ^^ tM T , i^ ^ 9roUPin9S SUCh 3 ™«°*y™«W' ethoxyethyl, methoxyet oxym" 
hy , or tetrahydrofuranyl and tetrahydropyranyl. Preferred alkylsilyl-protecting groups are trimethylsilyl trie- 
thylsilyl. t-butyld.methylsilyl, and analogous alkylated silyl radicals mmewyisuyi, tne 

tamin D "orTlB ^TVTl ^ ***** ****"** m 24 .28-methy.ene-1a.25-dihydroxyvi- 
tamm D 2 or 24 28-methylene-1a-hydroxyvitamin D* The above compounds may be administered alone or in 
corr.binat.on with other pharmaceutical^ acceptable agents. aam.n.sterea alone or in 

HnnJi! 6 Vita T in ° ^P 00 "^ or combinations thereof can be readily administered as sterile parenteral solu- 
bons by injecbon or .ntravenously. or by alimentary cana. in the form of oral dosages, or trans^ma^ or bv 
suppos,tory Doses of from about 0.5 micrograms to about 50 micrograms per da of 24, 28 !mlthZe-i« 2^ 

th^T r TV"* proportions of each * the <™P°-ds in the combination being 
bone mob Hb^ h P 1° ***** bei " 9 3ddr6SSed a " d the de 9 ree of bone mineralization and/or 
tZ^T *t' arS 9enera " y effeCtive to Practice the P resent inve "«0"- all cases sufficien 

SSllh **IT b * US6d to reSt0re b ° ne maSS - Amounts in °< ^ut 50 micSni 

^nl^l, he t C ° mb h ma ""J* that COmP ° Und With ° ther 1a -^roxy.ated vitamin D compounds, are general 
S Z T 7 . 3 deSifed reSU,tS> may r6SU,t in "VP^Icemia. and may not be an economfca ly 

ZZlE^tZT* T hi9her dOS6S US6d WhSre thSrapeUtiC treatment of * ^easeTtateTi 
des.red end while the lower doses are generally used for prophylactic purposes, it being understood that the 

befno IdrnTf ad TL niS : ered in a0y 9iVe " 0336 Wi " b6 adjUSted in accordanc * -th the%pedfTc^mp 0 un2 
thT™ .fTJ' d ' SeaSe t0 bS treated ' thS COndition of the sufa i ect and the other relevant medTc^ facts 

hf arFoTfxamo 6 VT^S* ^ * reSP ° nSe * "» SUbj6Ct ' 33 iS We » known b * those sS^t 
1« Zl f P o 6 eff8Ct ' Ve ' 6ither 24 - 28 - m «thy'ene-1a.25-dihydroxyvitamin D 2 or 24.28-methylene. 

2?2S « SSS 'i ^ P v r d erab,y admi t terSd 3 dOSa9e ran96 ° f °- 5 - 5 ° ««^- i" eral ' either a^ 
aaiiy dose or divided daily dosages may be employed, as is well known in the art 

icalK rilling* ° f ? ri ° US COmpounds 030 be prepared b V combining them with non-toxic pharmaceut- 
he artluch ^cLrr^T '***** ° f S '° W r6,ease ^^ns, as is we., known in 

2 ol ve o r se « a ™ ? V h 6 ^ SO " d ° r lk,Uid SUCh aS ' f0f examp,e ' TOrn starch - ,actose - ««~. Peanut 
be ZeS ^Z '"h Pr ° P ^ ^ 8 9 ' yC0L * 3 SO ' id C3rri6r fe US6d the dosa 9 e form of the compounds may 
or iSu Husnf n^' P f *° CheS ° f ,OZen9eS - ' f 3 Hquid ^ is used ' soft Statin capsules, or syruj 
ad iuval 3h * - SI ° nS ° r SO ' Uti0nS m3y bS the dOSa9e form " The dosa 9 *«™ ««y also contain 

a.sornt'i^ ^ Q th.r S t h PreSer T 9 ' 1 f tabi ! iZin9> Wettin9 ° r emU ' Sifyin9 a9ente ' s°'"tion Promoters, etc. They nTay 
also contain other therapeutically valuable substances. y 

lustrI!ve P onlvor 1^°" ' S T" SpeCifiC3 " y deScribed «V the following examples, which are meant to be il- 
lustrate only of the process of synthesis and of the novel compounds, both end products and intermediates, 
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obtainable thereby. In these examples, specific compounds identified by Arabic numerals (e.g. compounds 1, 
2, 3, ... etc.) refer to the structures so numbered in the process schematics. Additionally examples are provided 
which are illustrative of the distinctive biological characteristics of the new compounds, such characteristics 
serving as a basis for the application of these compounds in the treatment of metabolic bone disease. 

5 

Preparation of Compounds 
General Procedures 

10 Ultraviolet (UV) absorption spectra were recorded with a Perkin-Elmer Lambda 3B uv-vis spectrophotom- 

eter. Proton nuclear magnetic resonance ( 1 H-NMR) spectra were recorded at 400MHz with a Bruker AM-400 
widebore multinuclear spectrometer or at 500MHz with a Bruker AM-500 multinuclear spectrometer in chloro- 
form-d (CDCI 3 ). Chemical shifts (5) are reported downfield from internal tetramethylsilane (TMS:6 0.00) or 
chloroform (8 7.24). High-resolution mass spectra (HRMS) were recorded at 70 eV on a Kratos MS-50 TC in- 

15 strument equipped with a Kratos DS-55 Data System. High-resolution data were obtained by peak matching. 
Samples were introduced into the ion source maintained at 12Q-250°C via a direct-insertion probe. Silica gel 
60 (Merck, 230-400 mesh) was used for column chromatography. High performance liquid chromatography 
(HPLC) was performed using a Waters Associates Liquid chromatography equipped with a Model 6000A sol- 
vent delivery system, a Model U6K injector and a Model 450 variable wavelength detector. Tetrahydrofuran 

20 was distilled from sodium-benzophenone ketyl under nitrogen. Other solvents were purified by standard meth- 
ods. 

Examples 

25 In Process Schemes I and II the following abbreviations are employed: 



DMF: 


N,N-dimethy!formamide 


Ac: 


acetyl 


Et: 


ethyl 


DMSO: 


dimethylsulfoxide 


Ts: 


p-toluenesulfonyl 


DMAP: 


N,N-dimethyl-4-aminopyridine 


Ph: 


phenyl 


PPTS: 


pyridinium p-toluenesulfonate 


Me: 


methyl 


mCPBA: 


3-chloroperbenzoic acid 


TES: 


triethylsilyl 


Bu: 


butyl 



It should be noted that in the present description and in schemes I and II, compound 11 is a known com- 
pound and may be prepared in accordance with PCT Patent Application No. WO88/07545. 

40 

Example 1 - Synthesis of 24,28-Methylene-1g,25-Dihydroxyvitamin D 2 (compound 13: Process Scheme I) 
The synthesis of compound 13 may be summarized as follows: 

The synthesis of the side chain sulfone 9 started with bisalkylation of ethyl acetoacetate. Ethyl acetoac - 
45 tate was treated with 1 ,2-dibromoethane in the presence of potassium hydroxide in dimethylsulfoxide to yield 
cyclopropane ketoester 1 . After protection of the ketone as a ketal, the ester was reduced with lithium aluminum 
hydride to alcohol 3. The alcohol 3 was converted via the corresponding tosylate 4, into phenyl sulfide 5. De- 
protection of the ketal and alkylation of the regenerated ketone with methyl Grignard reagent gave tertiary al- 
cohol 7. The sulfide was oxidized with peracid to sulfone 8 and the hydroxy group was protected as a silyl ether 
so to give a protected sulfone 9. 

The sulfone 9 was de-protonated with, a base and then condensed with an aldehyde 11. The resulting 
hydroxy sulfone was acetylated and then was submitted to reductive elimination with sodium-amalgam to give 
an (E)-olefin. The 1a- and 30-hydroxy groups of which protective groups had been removed during the reduc- 
tive elimination were re-protected to give 10. Deprotection of 3p- and 25-hydroxy groups yielded provitamin 
55 12. Photo- and thermoisomerization, followed by deprotection of 1a-hdyroxy group, gave compound 13. 

Ethyl 1-acetylcydopropanecarboxylate 1. A mixture of ethyi acetoacetate (13.0g f 99.9mmol), 1,2-dibromo- 
ethane (13mL, 151mmol) and potassium hydroxide (14.0g, 250mmol) in dimethylsulfoxide (130mL) was stirred 
at ambient temperature overnight The mixture was poured into ice water and extracted with diethyl ether. The 



5 



EP 0 578 494 A1 



combined organic layers were washed with brine, and dried over sodium sulfate. Filtration and concentration 
gave 16.22g of an oily material, which was purified by column chromatography (silica gel 80g, 20% ethyl acetate 
in n-hexane) to give 12.97g (83.1%) of 1, as a pale yellow oil. 

1 H-NMR (CDCI 3 , 500MHz) 5 : 1.21 (3H, t. J=7.2Hz), 

1.38(4H, s), 2.39(3H, s), 4.13(2H, q, J=7.2Hz) 
Ethyl 1-(2-methyl-1,3-dixolan-2-yl)cyclopropanecarboxylate 2. A mixture of 1 (12.97g, 83.0mmol) t ethylene 
glycol (23mL, 412mmol). triethyl orthoformate (28mL, 168mmol) and p-toluenesulfonic acid monohydrate 
(1.58g, 8.31 mmol) in toluene (100mL) was heated at 80-90°C with stirring for 1 hr. The mixture was cooled to 
ambient temperature and poured into cold sodium bicarbonate solution. The organic layer was separated, and 
the aqueous layer was extracted with diethyl ether. The combined organic layers were washed with sodium 
bicarbonate solution and brine, and dried over sodium sulfate. Filtration and concentration gave 21.43g of an 
oily material, which was purified by column chromatography (silica gel 80g, 20% ethyl acetate in n-hexane) to 
give 16.07g (96.7%) of 2, as colorless oil. 

1 H-NMR (CDCI3, 500MHz) 5 : 0.91 (2H, m) 1.05(2H f m) 1.14(3H, t, J=7.3Hz) f 1.51(3H, s), 3.79(2H m) 
3.85(2H, m), 4.03(2H, q, J=7.3Hz) 

1-Hydroxymethyl-1-(2-methyl-1 ,3-dioxolan-2-yl)cyciopropane 3. 

To a stirred and ice-cooied suspension of lithium aluminum hydride (3.83g, 101mmol) in diethyl ether 
(500mL) was added a solution of 2 (16.07g t 80.3mmol) in diethyl ether (200mL) dropwise over 80 min under 
nitrogen. The mixture was stirred for 1 5 min. To the mixture were added water (3.83mL), 1 5% sodium hydroxide 
solution (11.5mL) and water (11.5mL) ? followed by an addition of sodium sulfate (49g). The mixture was filtered 
through a pad of Celite and the precipitate was washed with diethyl ether thoroughly. The combined organic 
solution was concentrated to give 12.25g of an oily material, which was purified by column chromatography 
(silica gel 60g, 50% ethyl acetate in n-hexane) to give 11.81g (93.0%) of 3, as a colorless oil. 

1 H-NMR (CDCI3, 500MHz) 5 : 0.42(2H), 0.68(2H), 1.39(3H, s), 2.92(1H, t, J=5.8Hz), 3.51<2H. d. 
J=5.8Hz), 3.93(4H, br s) 

1-(2-Methyl-1,3-dioxolan-2-yl)-1-p-toluenesulfonyloxymethylcyclopropane 4. To a stirred and ice-cooled sol- 
ution of 3 (5.0g, 31.6mmol) t N t N-dimethyl-4-aminopyridine (386mg, 8.16mmol) and triethylamine (22mL t 
158mmol) in dichloromethane (25mL) was added p-toiuenesulfonyl chloride (7.23g, 37.9mmol) portionwise and 
the mixture was stirred in a cold room at 4°C overnight. The mixture was poured into ice water, and the organic 
layer was separated. The aqueous layer was extracted with diethyl ether. The combined organic layers were 
washed with water and brine, and dried over sodium sulfate. Filtration and concentration gave 1 6.70g of crude 
4, as a pale yellow oil, which was used in the next step without further purification. 

1-(Benzenesulfenylmethyl)-1-(2-methyl-1-dioxolan-2-yl)-cyclopropane 5. To a mixture of crude 4 (pre- 
pared above, 16.70g) and triethylamine (8.8ml_, 63.1mmol) in N,N-dimethyiformamide (30mL) was added thio- 
phenol (S.OmL, 48.7mmol) in one portion. The mixture was stirred at 0-5°C for 1 hr and then at ambient tem- 
perature for 1.5 hr. The mixture was poured into cold brine, and extracted with diethyl ether and n-hexane. 
The combined organic layers were washed with water and brine, and dried over sodium sulfate. Filtration and 
concentration gave 9.85g of an oily material, which was purified by column chromatography (silica gel 50g, 4- 
12% ethyl acetate in n-hexane) to give 7.64g (96.6% form 3) of 5, as a pale yellow oil. 

1 H-NMR (CDCI3, 400MHz) 8 : 0.57(2H, m). 0.74(2H, m), 1.45(3H, s), 3.23(2H, s), 3.97(4H f s), 7.13(1H, 
t, J=6.9Hz), 7.20-7.35(4H) 

1-Acetyl-1(benzenesulfenylmethyl)cyclopropane 6. Amixture of 5 (7.23g, 2.94mmol) and pyridinium p-tol- 
uenesulfonate (0.74g, 2.94mmol) in acetone (150mL) was stirred in a cold room at 4°C for 5 days. The mixture 
was neutralized with sodium bicarbonate solution, and diluted with toluene. After evaporation of acetone, the 
residue was diluted with water and extracted with ethyl acetate. The combined organic layers were washed 
with brine, and dried over sodium sulfate. Filtration and concentration gave 9.22g of an oily material, which 
was purified by column chromatography (silica gel 60g, 4-16% ethyl acetate in n-hexane) to give 6.16g (quan- 
titative) of 6, as a pale yellow oil. 

1 H-NMR (CDCI3, 500MHz) 5 : 0.93(2H, s), 1.28(2H, s), 2.12(3H, s). 3.26(2H, s), 7.17(1H), 7.24(2H), 
7.33(2H) 

1-Benzenesulfenyfmethyl-1-(2-hydroxy-2propyl) cyclopropane 7. To a stirred and ice-cooled solution of 6 
(6.1 6g, 29.9mmol) in diethyl ether (60mL) was added a solution of methylmagnesium bromide (3.0M solution 
in diethyl ether, 12mL) dropwise over 10 min under nitrogen. The mixture was stirred for 20min. The reaction 
was quenched by an addition of ammonium chloride solution and the organic layer was separated. The aqueous 
layer was extracted with diethyl ether and the combined organic layers were washed with brine, and dried over 
sodium sulfate. Filtration and concentration gave 5.80g of an oily material, which was purified by column chro- 
matography (silica gel 60g, 4-10% ethyl acetate in n-hexane) to give 4.83g (71.2%) of 7, as a colorless oil. 

1 H-NMR (CDCI3, 500MHz) 5 : 0.51(2H, br s), 0.69(2H, br s), 1.27(6H, br s), 3.17(2H, s), 7.16(1H), 
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7.26(2H), 7.33(2H) 

1-Benzenesulfonylmethyl-1-(2-hydroxy-2-propyl)cyclopropane 8. To a solution of 7 (4.83g, 2i.3mmol) in 
dichloromethane (50mL) was added sodium bicarbonate (10.1g t 120mmol) and water (65mL) and the mixture 
was stirred vigorously in an ice bath. To the mixture was added m-chloroperbenzoic acid (ca. 85%, 10.4g, 

5 51 .2mmol) portionwise and the mixture was stirred for 20 min. The excess amount of peracid was decomposed 
with sodium thiosulfate solution in the presence of potassium iodide. The organic layer was separated and the 
aqueous layer was extracted with ethyl acetate. The combined organic layers were washed with brine, and 
dried over sodium sulfate. Filtration and concentration gave 6.30g of an oily material, which was purified by 
column chromatography (silica gel 50g, 5-33% ethyl acetate in n-hexane) to give 4.05g (74.8%) of 8, as a col- 

10 orless oil. 

1 H-NMR (CDCI 3 , 500MHz) 8 : 0.70(2H, dd, J=6.6 and 5.4Hz), 0.80(2H f dd, J=6.6 and 5.4Hz), 1.14(6H f 
s), 3.36(2H, s), 7.55(2H, t J=7.4Hz). 7.64(1 H, t, J=7.4Hz), 7.91 (2H, d, J=7.4Hz) 

1-Benzenesu!fonylmethyl-1-(2-triethylsilyloxy-2-propyi)-cyclopropane 9. To a stirred and ice-cooled solu- 
tion of 8 (4.05g, 15.9mmol) and imidazole (2.16g, 31.7mmol) in N,N-dimethylformamide was added chiorotrie- 

15 thylsilane (4mL, 23.8mmoi), and the mixtrue was stirred at ambient temperature overnight To the mixture was 
added ice and diethyl ether and the mixture was stirred at ambient temperature for 20min. The organic layer 
was separated and the aqueous layer was extracted with diethyl ether. The combined organic layers were 
washed with brine, and dried over sodium sulfate. Filtration and concentration gave 7.40g of an oily material, 
which was purified by column chromatography (silica gel 70g, 4-12% ethyl acetate in n-hexane) to give 5.89g 

20 (quantitative) of 9, as a colorless oil. 

1 H-NMR (CDCI3, 500MHz) 5 : 0.55 (6H, q, J=7.9Hz), 0.80(2H. dd. J=6.8 and 4.2Hz), 0.91 (9H, t, J=7.9Hz), 
0.92(2H), 1.20 (6H, s), 3.39(2H, s) P 7.55(2H, t, J=7.4Hz), 7.64(1 H, t, J=7.4Hz), 7.89(2H, d, J=7.4Hz) 

(22E)-24,28-Methylene-1a,3p-bis(methoxycarbonyioxy)-25-triethylsilyloxyergosta-5,7,22-triene 10. To a 
stirred solution of 9 (1.20g, 3.26mmol) in tetrahydrofuran (25mL) was added a solution of lithium diethylamide 

25 (prepared from 1.32mL of diethylamine and 7.6mL of 1.6N n-butyllithium in 21mL of tetrahydrofuran; 8.3mL) 
dropwise at -50~60°C under nitrogen. The mixture was stirred at the same temperature for 35 min then cooled 
to -78°C (dry ice-methanol bath). To the mixture was added a solution of (20S)-1a,3p-bis(methoxycarbony- 
Ioxy)-20-methylpregna-5,7-dien-21-al 11 (1.0g. 2.17mmol) in tetrahydrofuran (30mL) dropwise over 2 hr. The 
mixture was stirred for 1 hr and then quenched by an addition of ammonium chloride solution and ethyl acetate. 

30 The organic layer was separated, and aqueous layer was extracted with ethyl acetate. The combined organic 
layers were washed with brine, and dried over sodium sulfate. Filtration and concentration gave 3.65g of an 
oily residue, which was used directly in the next reaction. The residue (3.65g) was dissolved in dichloromethane 
(30mL) and was treated with acetic anhydride (2mL) in the presence of N,N-dimethyl-4-aminopyridine (3.1 7g) 
at ambient temperature overnight. To the mixture was added ice and the mixture was stirred at ambient tem- 

35 perature for 30 min. The organic layer was separated and the aqueous layer was extracted with ethyl acetate. 
The combined organic layers were washed with water, sodium bicarbonate solution and brine, and dried over 
sodium sulfate. Filtration and evaporation gave 3.69g of an oily residue, which was used directly in the next 
reaction. The residue (3.69g) was dissolved in a mixtrue of tetrahydrofuran (50mL) and methanol (50mL) and 
the solution was cooled at -20— 30°C. To the stirred and cooled solution was added sodium bicarbonate (3.4g) 

40 and 5% sodium amalgam (pulverized and washed with tetrahydrofuran, 19g). The mixture was stirred at the 
same temperture for 4 hr, and then was allowed to warm to ambient temperature. After stirred overnight, the 
supernatant was filtered through a pad of Celite, and the precipitate was washed with ethyl acetate. The com- 
bined organic solution was poured into water. The organic layer was separated, and the aqueous layer was 
extracted with ethyl acetate. The combined organic layers were washed with brine, and dried over sodium sul- 

45 fate. Filtration and concentration gave 2.89g of a residue, to which was added dimethyl carbonate (100mL) 
and sodium methoxide (a catalytic amount). The mixture was heated under reflux for 4hr with the formed me- 
thanol removed by passing through a pad of molecular sieves 4A. The mixture was cooled and poured into ice 
water. The organic layer was separated, and the aqueous layer was extracted with ethyl acetate. The combined 
organic layers were washed with brine, and dried over sodium sulfate. Filtration and concentration gave 2.72g 

so of a residue which was purified by column chromatography (silica gel 20g, 2.5-20% ethyl acetate in n-hexane) 
to give 680mg (46.7% from 11) of 10, as white solids. 

1 H-NMR (CDCI3, 500MHz) 5 : 3.77(3H, s), 3.79(3H, s), 4.84(1H, m), 4.90(1H, m), 5.12(1H, dd, J=15.2 
and 8.9Hz), 5.37(1 H, m), 5.65(1 H, d, J=15.2Hz), 5.68(1 H, m) 

(22E)-24, 28-Methylene-1a-methoxycarbonyloxyergosta-5,7,22-triene-3(3, 25-diol 12. To a solution of 10 

55 (566mg, 0.844mmol) in tetrahydrofuran (10mL) was added 1.0M solution of tetra-n-butyiammonium fluoride in 
tetrahydrofuran (3.4mL, 3.4mmol) and the mixture was stirred at ambient temperature for 5.5 hr. The mixture 
was poured into ice water, and extracted with ethyl acetate. The combined organic layers were washed with 
sodium bicarbonate solution and brine, and dried over sodium sulfate. Filtration and concentration gave 1.41g 
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of a residue. To the residue was added methanol (30mL) and 1N lithium hydroxide solution (3mL), and the 
mixture was stirred at ambient temperature overnight. To the mixture was added methanol (20mL) and the mix- 
ture was stirred at ambient temperature for 1 day. To the mixture was added methanol (50mL) and 1N lithium 
hyroxide solution (5mL) and the mixture was stirred for 4hr. The mixture was neutralized with 1N hydrochloric 
5 acid, and the methanol was evaporated under reduced pressure. The residue was diluted with water and ex- 
tracted with ethyl acetate. The combined organic layers were washed with sodium bicarbonate solution and 
brine, and dried over sodium sulfate. Filtration and concentration gave 0.70g of a residue, which was purified 
by column chromatography (silica gel 20g, 10-80% ethyl acetate in n-hexane) to give 283mg (67.2%) of 12, 
as white solids. 

10 1 H-NMR (CDCI 3 , 500MHz) 5 : 0.44(1H, d, J=10.1Hz), 0.45(1H, d, J=10.1Hz), 0.62(3H, s), 0.71(2H, br 

s). 1.00(3H, d, J=6.7Hz), 1.00(3H, s) f 1.21(6H, s), 3.78(3H, s), 3.99(1 H, m), 4.82(1 H, brs), 5.28(1 H. dd, J=15.2 
and 9.0Hz), 5.37(1H, m), 5.66(1 H, m), 5.73(1H, d, J=15.2Hz) 

(5Z,7E,22E)-24.28-Methylene-9.10-secoergosta-5.7, 10(19), 22-tetraene-1a.3|3,25-triol 13. A solution of 
12 (104mg, 0.209mmol) in diethyl ether (100mL) and benzene (20mL) was irradiated with medium pressure 

15 mercury lamp for 30min through a Vycor filter in an ice bath under nitrogen. The mixture was concentrated 
under reduced pressure, and the residue was dissolved in benzene (50mL). The solution was heated under 
reflux for 30 min, and then left to stand at ambient temperature under nitrogen for 8 days. The mixture was 
concentrated under reduced pressure, and the residue was treated with 1N lithium hydroxide solution (1mL) 
in methanol (9mL) at ambient temperature for 1 .5hr under nitrogen. The mixture was poured into ice water and 

20 extracted with ethyl acetate. The combined organic layers were washed with brine, and dried over sodium sul- 
fate. Filtration and concentration gave a residue, which was purified by column chromatography (silica gel 5g, 
33-80% ethyl acetate in n-hexane) and high performance liquid chromatography [Zorbax Pro-10 SIL (Mitsui 
Toatsu) 2Omm0x25Omm, 80% ethyl acetate in n-hexane] to give 21.0mg (22.8%) of 13, as a colorless viscous 
oil. 

25 HRMS m/z : Found 440.3315; Calcd for C29H44O3 440.3290 

UV (EtOH): X^ax 264nm, 227nm 

1 H-NMR (CDCI 3 , 400MHz) 5 : 0.45(2H), 0.55(2H. br s), 0.71 (3H, s), 0.99(3H, d, J=6.2Hz), 1.21 (6H, s), 
4.23(1 H, m), 4.43(1 H, m), 4.99(1 H, brs), 5.29(1 H, dd, J=15.1 and 9.2Hz), 5.32(1 H, brs), 5.72(1 H, d, J=15.1Hz), 
6.01(1H, d, J=11.4Hz), 6.37(1H, d, J=11.4Hz) 

30 

Example 2 - Synthesis of 24,28-Methylene-1a-hvdroxyvitamin D 2 (compound 19; Process Scheme II) 
The synthesis of compound 19 may be summarized as follows: 

The keto sulfide 6 was homologated by Wittig reaction using methoxymethylenephosphorane, followed 

35 by acidic hydrolysis of resulting enol ether, to yield aldehyde 14. The formyl group of 14 was converted into a 
methyl group by a modified Wolff- Kishner reduction to yield sulfide 15. The sulfide 15 was oxidized with a per- 
acid to sulfone 16. The sulfone 16 was condensed with aldehyde 11, and then converted into 17 in the same 
manner as for the conversion of sulfone 9 into 10 in Example 1. The protective group of 30-hydroxy group of 
17 was removed to yield provitamin 18. Photo- and thermoisomerization of 18, followed by deprotection of 1a- 

40 hydroxy group, yielded compound 19. 

2-(1-Benzenesulfenylmethylcydopropan-1-yl)propanal 14. To a stirred and ice-cooled suspension of me- 
thoxymethyltriphenyl phosphonium chloride (5.72g, 16.7mmol) in diethyl ether (60mL) was added n-butylli- 
thium (1.6N solution in n-hexane, 10.4mL, 16.6mmol) dropwise under nitrogen. The mixture was stirred for 30 
min, then was cooled to -40°C. To the mixtue was added a solution of 6 (2.86g, 13.9mmol) in diethyl ether 

45 (15mL) dropwise over a period of 1.5 hr. The mixture was allowed to warm to ambient temperature and was 
stirred overnight. The mixture was diluted with n-hexane and filtered through a pad of Celite, and the precipitate 
was washed with 30% diethyl ether in n-hexane. The combined organic solution was concentrated to give 4.36g 
of an oily material, which was dissolved in tetrahydrofuran (40mL). To the mixture was added 1N hydrochloric 
acid (10mL) and the mixture was stirred at ambient temperature for 4 hr. and then heated under reflux for 80 

so min. The mixture was cooled and poured into ice water, and extracted with diethyl ether. The combined organic 
layers were washed with sodium bicarbonate solution and brine, and dried over sodium sulfate. Filtration and 
concentration gave 7.39g of an oily material, which was purified by column chromatography (silica gel 30g, 5- 
15% ethyl acetate in n-hexane) to give 2.14g (69.8%) of 14, as a colorless oil. 

1 H-NMR (CDCI3, 500MHz) 8 : 0.50(1 H, m). 0.58(1 H, m) ? 0.64(1 H, m), 0.70(1 H f m), 1.13(3H f d, J=7.0Hz), 

55 2.03(1H, q, J=7.0Hz), 2.78(1H, d, J=14.0Hz), 3.19(1H, d, J=14.0Hz). 7.10-7.40(5H) t 9.90(1H, s) 

1-Benzenesulfonylmethyi-1-(2-propyl)cyclopropane 15. A mixture of 14 (2.12g f 8.62mmol), hydrazine hy- 
drate (55% in water, 7.4mL, 131mmol) and potassium carbonate (3.2g, 23.2mmol) in diethylen glycol (21 mL) 
was heated at 150°C (bath temperature) for 3 hr. After cooled to ambient temperature, the mixture was poured 
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into ice water and extracted with n-hexane. The combined organic layers were washed with cold diluted hy- 
drochloric acid, water, sodium bicarbonate solution and brine, and dried over sodium sulfate. Filtration and con- 
centration gave 1.81g of an oily material, which was purified by column chromatography (silica gel 2Gg, 1-2% 
ethyl acetate in n-hexane) to give 1.69g (85.1%) of 15, as a colorless oil. 

1 H-NMR (CDCI 3 , 500MHz) 5 : 0.41 (2H, m), 0.45(2H, m), 0.95(6H, d, J=6.8Hz), 1.59(1 H, sept, J=6.8Hz), 
3.02(2H, s), 7.10-7.32(5H) 

1-Benzenesulfonylmethyi-1-(2-propyl) cyclopropane 16. To a stirred and ice-cooled mixture of 15 (1.69g, 
8.19mmol) in dichloromethane (17mL) and saturated sodium bicarbonate solution (17mL) was added m-chlor- 
operbenzoic acid (85%, 3.66g, 18.0mmol) portionwise. The mixture was stirred at ambient temperature for 30 
min. After decomposition of an excess amount peracid with sodium thiosulfate solution in the presence of po- 
tassium iodide, the organic layer was separated, and the aqueous layer was extracted with diethyl ether. The 
combined organic layers were washed with sodium bicarbonate solution and brine, and dried over sodium sul- 
fate. Filtration and concentration gave 2.41 g of an oily material, which was purified by column chromatography 
(silica gel 25g, 10% ethyl acetate in n-hexane) to give 1.74g (89.1%) of 16, as a colorless oil. 

1 H-NMR (CDCI3, 500MHz) 6 : 0.38(2H, m), 0.51(2H, m), 0.80(6H, d, J=6.8Hz), 2.07(1 H, sept, J=6.8Hz), 
3.12(2H, s), 7.56(2H. t, J=7.7Hz), 7.65(1 H, t, J=7.7Hz), 7.91(2H, d, J=7.7Hz) 

(22E)-24,28-Methylene-1a,3p-bis(methoxycarbonyloxy)ergosta-5,7,22-triene 17. To a stirred solution of 
16 (0.78g, 3.27mmol) in tetrahydrofuran (25mL) was added a solution of lithium diethylamide (prepared from 
1 .32 mL of diethylamide and 7.6 ml_ of 1 .6N solution of n-butyllithium in n-hexane in 21 mL of tetrahydrofuran; 
8.3mL) dropwise at -50-60°C under nitrogen. The mixture was stirred at -50-60°C for 30 min and was cooled 
to -78°C (dry ice-methanol bath). To the mixture was added a solution of 11 (1 .0g, 2.17mmol) in tetrahydrofuran 
(30mL) dropwise over a period of 110 min. After stirred for 45 min, the mixture was quenched by an addition 
of ammonium chloride solution and ethyl acetate. The organic layer was separated, and the aqueous layer was 
extracted with ethyl acetate. The combined organic layers were washed with brine, and dried over sodium sul- 
fate. Filtration and concentration gave 3.23g of an oily material, which was dissolved in dichloromethane 
(30mL). To the solution N,N-dimethyl-4-aminopyridine (3.17g) and acetic anhydride (2mL) was added, and the 
mixture was stirred at ambient temperature overnight. To the mixture ice was added, and the mixture was stir- 
red for 30 min at ambient temperature. The organic layer was separated, and the aqueous layer was extracted 
with ethyl acetate. The combined organic layers were washed with water, sodium bicarbonate solution and 
brine, and dried over sodium sulfate. Filtration and concentration gave 3.45g of an oily material, which was dis- 
solved in a mixture of tetrahydrofuran (50mL) and methanol (50mL) and cooled in a dry ice-carbon tetrachloride 
bath. To the mixture was added sodium bicarbonate (3.41 g) ( followed by sodium amalgam (5%, pulverized and 
washed with tetrahydrofuran just prior to use, 19g), the mixture was stirred for 3.5 hr then allowed to warm to 
ambient temperature and stirred overnight The supernatant was filtered through a pad of Celite and the pre- 
cipitate was washed with ethyl acetate. The combined organic solution was poured into water and extracted 
with ethyl acetate. The combined organic layers were washed with brine, and dried over sodium sulfate. Fil- 
tration and concentration gave 2.75g of a residue, to which dimethyl carbonate (100mL) and a catalytic amount 
of sodium methoxide were added. The mixture was heated under reflux, with removal of methanol formed with 
molecular sieves 4A, for 2 hr. After cooled to ambient temperature, the mixture was poured into ice water, and 
extracted with ethyl acetate. The combined organic layers were washed with brine, and dried over sodium sul- 
fate. Filtration and concentration gave 4.44g of a residue, which was purified by column chromatography (silica 
gel 20g, 10-20% ethyl acetate in n-hexane) to give 574mg (48.9% from 11) of 17, as white solids. 

1 H-NMR (CDC! 3 , 500MHz) 6 : 0.34(2H, br s), 0.46(2H, m). 0.62(3H, s), 0.91(6H, d, J=6.5Hz). 0.99(3H, 
d, J=6.6Hz), 1.01(3H, s), 3.77(3H, s) ( 3.99(3H, s), 4.84(1H, br s), 4.90(1H, m), 5.51(1H, dd, J=15.2Hz and 
8.8Hz), 5.37(1 H, m), 5.52(1 H. d, J=1 5.2Hz), 5.68(1 H, m) 

(22E)-24,28-Methy1ene-1a-methoxycarbonyloxyergosta-5,7,22-trien-3p-ol 18. A mixture of 17 (544mg, 
1 .01 mmoi) and lithium hydroxide monohydrate (0. 1 g) in a mixture of methanol (1 OmL) and diethyl ether (40mL) 
was stirred at ambient temperature for 5.25 hr. The mixture was neutralized with 1 N hydrochloric acid and the 
solvent was evaporated under reduced pressure. The residue was diluted with water and extracted with ethyl 
acetate. The combined organic layers were washed with sodium bicarbonate solution and brine, and dried over 
sodium sulfate. Filtration and concentration gave 1.02g of a residue, which was purified by column chroma- 
tography (silica gel 15g, 20-80% ethyl acetate in n-hexane) to give 287 mg (58.9%) of 18, as white solids 

1 H-NMR (CDCI3, 500MHz) 5 : 0.37(2H ( br s), 0.48(2H, m), 0.64(3H, s), 0.94(6H. d, J=6.5Hz), 1.02(3H, 
d. J=6.6Hz), 1.03(3H, s), 3.81(3H, s), 4.02(1H, m), 4.85(1H, br s), 5.17(1H, dd, J=15.2 and 8.8Hz), 5.39(1H, 
m), 5.54(1H, d t J=15.2Hz). 5.70(1H, m) 

(52 t 7E,22E)-24,28-Methylene-9,10-secoergosta-5,7 ( 10(19),22-tetraene-1a,3p-d i o | 19* A" ice-cooled and 
stirred solution of 18 (104mg, 0.215mmol) in a mixture of benzene (20mL) and diethyl ether (100mL) was ir- 
radiated with a medium pressure mercury lamp through a Vycor filter for 30 min under nitrogen. The mixture 
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was concentrated under reduced pressure and the residue was dissolved in benzene (50mL). The solution was 
heated under reflux for 30 min and then left to stand at ambient temperature for 8 days under nitrogen. The 
solvent was evaporated under reduced pressure, and to the residue were added 1N lithium hydroxide solution 
(1 mL) and methanol (9mL). The mixture was stirred at ambient temperature for 2.5 hr under nitrogen. The mix- 

5 ture was poured into ice water, and was extracted with ethyl acetate. The combined organic layers were washed 
with brine, and dried over sodium sulfate. Filtration and concentration gave a residue, which was purif ied by 
column chromatography (silica gel 5g, 35-65% ethyl acetate in n-hexane) and then high performance liquid 
chromatography [Zorbax Pro-10 SIL (Mitsuit Toatsu) 2Omm0x25Omm, 75% ethyl acetate in n-hexane) to give 
20.8mg (22.8%) of 19, as white solids. 

10 HRMS m/z: Found 424.3350; Calcd for C 29 H4i0 2 424.3341 

UV (EtOH): X max 264nm, 226nm 

1 H-NMR (CDCl 3 . 400MHz) 5 : 0.35(2H, br s), 0.46(2H, m), 0.55(3H, s), 0.92(6H, d, J=6.6Hz), 0.99(3H, 
d, J=6.9Hz), 4.23(1 H, m), 4.43(1 H, m), 5.00(1 H. br s), 5.1 5(1 H, dd, J=1 5.2 and 8.8Hz), 5.33(1 H, br s), 5.51 (1 H, 
d, J=15.2Hz), 6.02(1H, d, J=11.4Hz), 6.38(1H, d, J=11.4Hz) 

15 

BIOLOGICAL ACTIVITY OF CYCLOPROPANE DERIVATIVES: 
PROCEDURE 

20 Male weanling rats were obtained from the Holtzman strain of the Sprague-Dawley Company and were 

placed on a purified 0.2% calcium/.3% phosphorus diet for three weeks and then were provided the indicated 
compounds intraperitoneal^ in 95% propylene glycol/5% ethanol (.1 ml) each day for 7 days. The rats were 
killed 23-24 hours after the last dose. The values are expressed as the mean ± S.E.M. Intestinal calcium trans- 
port was measured by the everted sac technique described by Martin and DeLuca [Am. J. Physiol. 212:1351- 

25 1359 (1969)]. Serum calcium was measured using the Calcette Automatic Calcium Titractor (Precision Sys- 
tems, Inc., Natick, MA). 

INTERPRETATION 

30 The results demonstrate that the cyclopropane derivative of 1 ot,25-dihydroxyvitamin D 2 (Compound HI) has 

activity on intestinal calcium transport equal to or similar to that exhibited by the native hormone, 1a,25-dihy- 
droxyvitamin D 3 . Similarly, the cyclopropane derivative of 1a-hydroxyvitamin D 2 (Compound IV) is fully effective 
in inducing intestinal calcium transport similar to that of the native hormone. Unlike the native hormone, how- 
ever, compound IV had no measurable activity at the dose levels provided of inducing the mobilization of cal- 

35 cium from bone. Compound III, however, did show slight activity at the higher dose level, i.e. 1 95 pmol/day for 
7 days, but its activity in this regard is below that of the native hormone. 

These results suggest that because of the lack of bone calcium mobilization activity and the full activity 
in intestinal calcium transport, these compounds are attractive for the treatment of diseases wherein bone loss 
is the underlying factor. Such diseases are postmenopausal osteoporosis, steroid-induced osteoporosis, and 

40 osteoporosis of the elderly. 



BONE CALCIUM MOBILIZATION (SERUM CALCIUM) AND INTESTINAL CALCIUM TRANSPORT ACTIVI- 
TY OF 24,28-METHYLENE-1ct,25-(OH) 2 D 2 (III) AND 24,28-METHYLENE-1a-OH-D 2 (IV) 



Group 


Dose (pmol/day/7 d) 


Intestinal Calcium Transport 
(S/M) 


Serum Calcium (mg/dl) 


-D 


0 


3.6 ±0.1 


4.4 ±0.1 


1,25-(OH) 2 D 3 


195 


7.6 ± 0.4 


6.2 ± 0.4 


III 


65 


5.3 ± 0.3 


4.6 ±0.1 




195 


5.9 ±0.7 


5.0 ±0.1 


IV 


65 


6.6 ± 0.4 


4.6 ±0.1 




195 


6.8 ± 0.4 


4.3 ±0.1 



Because these compounds are approximately equal in intestinal calcium transport activity as 1 ,25-(OH) 2 D 3 
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but are very much less active in mobilizing bone calcium, they would appear to be ideal for treatment of diseases 
where bone formation is desired. 

For treatment purposes, the novel compounds of this invention may be formulated for pharmaceutical ap- 
plications as a solution in innocuous solvents, or as an emulsion, suspension or dispersion in suitable solvents 
or carriers, or as pills, tablets or capsules, together with solid carriers, according to conventional methods 
known in the art. Any such formulations may also contain other pharmaceutically-acceptable and non-toxic 
excipients such as stabilizers, anti-oxidants, binders, coloring agents or emulsifying or taste-modifying agents. 

The compounds may be administered orally, parenterally or transdermally. The compounds are advanta- 
geously administered by injection or by intravenous infusion of suitable sterile solutions, or in the form of liquid 
or solid doses via the alimentary canal, or in the form of creams, ointments, patches, or similar vehicles suitable 
for transdermal applications. Doses of from 0.5 jig to 50 u.g per day of the compounds are appropriate for treat- 
ment purposes, such doses being adjusted according to the disease to be treated, its severity and the response 
of the subject as is well understood in the art. Since the new compounds exhibit specificity of action, each 
may be suitably administered alone, in situations where only calcium transport stimulation is desired, or togeth- 
er with graded doses of another active vitamin D compound - e.g. 1a-hydroxyvitamin D 2 or D 3 , or 1a,25-di- 
hydroxyvitamin D 3 -- in situations where some degree of bone mineral mobilization (together with calcium trans- 
port stimulation) is found to be advantageous. 
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PROCESS SCHEME I 
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PROCESS SCHEME II 



1) Ph 3 PCH«OMe-Cl 

-V sph -^^fc — > A. 

6 THF ^ 



SPh 



14 



H(OQHJ : OH ' 
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15 
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-4 (—MeOH) 
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MeOH. EtiO 
58. 9 % 
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MeO A 0 




1) hi/, ZuO 
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2) 

3) LiOHa<7.~ 
MeOH 

22. 8 < 



19 
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Claims 

1. A compound having the formula: 



55 



13 



EP 0 578 494 A1 



10 



15 



20 




where R 1 is hydrogen or hydroxy and R 5 is hydrogen or a hydroxy-protecting group. 

2. 24,18-methylene-1a,25-dihydroxyvitamin D 2 . 

3. 24,28-methylene-1a-hydroxyvitamin D 2 . 

4. A compound having the formula: 



25 



30 



35 



40 



45 



50 




where R 1 is hydrogen or hydroxy and R 5 is hydrogen or hydroxy-protecting group for use in the treatment 
of a metabolic bone disease where it is desired to maintain or increase bone mass. 

5. The use according to claim 4 for the treatment of osteoporosis, osteomalacia or renal osteodystrophy. 

6. The use according to claim 4 or 5 wherein the compound is administered orally. 

7. The use according to claim 4 or 5 wherein the compound is administered parenterally. 

8. The use according to claim 4 or 5 wherein the compound is administered transdermally. 

9. The use according to any one of claims 4 to 8 in a dosage of from 0.5|ig to 50u.g per day. 

10. A compound having the formula: 
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where R 2 is hydrogen, hydroxy or protected hydroxy, R 3 is a hydroxy protecting group and R 4 is hydrogen 
or a hydroxy- protecting group. 

11. A compound according to claim 10 where R 2 and R 4 are both hydrogen and R 3 is a hydroxy-protecting 
group. 

12. A pharmaceutical composition containing at least one compound as claimed in any one of claims 1 to 3 
together with a pharmaceuticafly acceptable excipient. 

13. A composition according to claim 12 containing the compound in an amount from about O.Sjxg to about 
50>g. 
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